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“There are two schools of thought about food tables. One tends to regard the figures in them 
as having the accuracy of atomic weight determinations; the other dismisses them as 
valueless on the ground that a foodstuff may be so modified by the soil, the season or its rate 
of growth that no figure can be a reliable guide to its composition. The truth, of course, lies 
somewhere between these points of view.” 
 
Widdowson, EM and McCance, RA. Food tables Their scope and limitations. Lancet (1943) 241(6234):230-232 
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ABSTRACT 
Anthocyanins are orange to blue coloured secondary plant metabolites that are present 
in plant foods and might contribute to the prevention of chronic diseases, such as cancer and 
cardiovascular disease. From a public health point of view, a health-promoting diet is 
particularly important in childhood, as food preferences and dietary habits may be established 
during this period and maintained into adulthood. 
The aims of this thesis were to assess anthocyanin intake (as aglycones, called 
anthocyanidins), sources of anthocyanins, and trends with age and time of anthocyanidin 
density of the diet of infants and toddlers (0-3 years), and children and adolescents (4-18 
years) from 1990-2009, and to examine the liking of anthocyanin-rich juices and smoothies 
(whole fruit drinks) in 4-17-year-olds as potential products to increase anthocyanin intake. 
Within the scope of the BMBF joint research project ANTHONIA, this thesis used the 
existing data and structure of the longitudinal DONALD Study - specifically the regular 3-day 
weighed dietary records for anthocyanin intake estimations and the participants’ regular visits 
to the Research Institute of Child Nutrition for the purpose of conducting hedonic sensory 
testings. Anthocyanin content data were taken from the USDA Database for the Flavonoid 
Content of Selected Foods. However, the anthocyanidin content values for bananas and nuts 
provided by the USDA have been excluded, because they base on an unsuitable analytical 
method. The anthocyanin-rich products were produced by the Geisenheim Research Center. 
Anthocyanins were widely present in the diet from late infancy onwards. Pomaceous 
fruit (pears, apples) were the main source in infancy and strawberries in the older age groups. 
Anthocyanidin density increased during infancy and decreased thereafter. Over the 20 years, 
density decreased in infants, slightly increased in toddlers (18-36 months) and decreased in 
the first half, but increased in the second half of the study period in children and adolescents. 
Density was higher in girls than in boys during childhood and adolescence. 
Anthocyanin-rich products, in particular grape-bilberry juice, were well-liked. Juices 
were liked better than smoothies and grape-bilberry better than apple-bilberry mixtures. A 
subgroup of participants rated smoothies higher than juices and/or apple-bilberry higher than 
grape-bilberry mixtures. 
In conclusion, there is scope to increase the anthocyanidin density of children’s diets, 
particularly with increasing age and in boys, and grape-bilberry juice is a promising product 
with which to achieve this. To finally deduce and implement evidence-based dietary 
recommendations, research firstly on the efficacy of anthocyanins, and secondly on food 
development and marketing strategies to reach children and adolescents, is fundamental. 
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ZUSAMMENFASSUNG 
Anthocyane sind orange- bis blau-farbige sekundäre Pflanzenstoffe in pflanzlichen 
Lebensmitteln die zur Prävention chronischer Krankheiten wie Krebs und Herzkreislauf-
erkrankungen beitragen könnten. Aus Sicht der Volksgesundheit (Public Health) ist eine 
gesundheitsfördernde Ernährungsweise besonders in der Kindheit wichtig, da Lebensmittel-
vorlieben und Ernährungsgewohnheiten in dieser Zeit geprägt und bis ins Erwachsenenalter 
beibehalten werden könnten. 
Ziele dieser Doktorarbeit waren daher, Anthocyanaufnahme (als Aglykone, 
Anthocyanidine genannt), -quellen sowie Alters- und Zeitverläufe der Anthocyanidindichte 
der Nahrung bei Säuglingen und Kleinkindern (0-3 Jahre) sowie bei Kindern und 
Jugendlichen (4-18 Jahre) von 1990-2009 zu ermitteln und die Beliebtheit anthocyanreicher 
Säfte und Smoothies (Ganzfruchtgetränke) bei 4-17jährigen zu untersuchen, als mögliche 
Produkte zur Erhöhung der Anthocyanzufuhr in dieser Altersgruppe. 
Im Rahmen des BMBF-Verbundprojekts ANTHONIA wurden für die vorliegende 
Doktorarbeit vorhandene Daten und Struktur der Langzeitstudie DONALD genutzt, im 
Besonderen die regelmäßigen 3-Tage-Wiege-Ernährungsprotokolle für die Anthocyan-
aufnahmeschätzung, und die regelmäßigen Besuche der Teilnehmer am Forschungsinstitut für 
Kinderernährung zur Durchführung hedonischer sensorischer Tests. Daten zum Anthocyan-
gehalt von Lebensmitteln wurden der „USDA Database for the Flavonoid Content of Selected 
Foods” entnommen, wobei die darin enthaltenen Anthocyanidinwerte für Bananen und Nüsse 
ausgeschlossen wurden, da sie auf einer ungeeigneten Analysemethode beruhen. Die 
anthocyanreichen Produkte wurden von der Forschungsanstalt Geisenheim produziert. 
Anthocyane waren vom Säuglingsalter an in der Nahrung weit verbreitet. Kernobst 
(Äpfel, Birnen) war die Hauptquelle bei Säuglingen, Erdbeeren in den älteren Altersgruppen. 
Die Anthocyanidindichte der Nahrung stieg im Säuglingsalter an und fiel danach ab. Über die 
20 Jahre sank die Anthocyanidindichte bei Säuglingen, stieg bei Kleinkindern (18-36 Monate) 
leicht und sank in der ersten, aber stieg in der zweiten Hälfte der Studienperiode bei Kindern 
und Jugendlichen. Die Dichte war in Kindheit und Jugend bei Mädchen höher als bei Jungen. 
Anthocyanreiche Produkte, besonders Traube-Heidelbeersaft, waren sehr beliebt, 
dabei Säfte beliebter als Smoothies und Traube-Heidelbeer- beliebter als Apfel-
Heidelbeermischungen. Eine Untergruppe von Teilnehmern bewertete Smoothies besser als 
Säfte und/oder Apfel-Heidelbeer- besser als Traube-Heidelbeermischungen. 
Schlussfolgernd lässt sich sagen, dass es Spielraum zur Erhöhung der Anthocyanidin-
dichte der Nahrung bei Kindern gibt, insbesondere mit steigendem Alter und bei Jungen, und 
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dass Traube-Heidelbeersaft ein vielversprechendes Produkt hierfür ist. Um letztendlich 
evidenzbasierte Ernährungsempfehlungen abzuleiten und umzusetzen, ist Forschung zum 
Einen zur Wirksamkeit der Anthocyane und zum Anderen zu Produktentwicklung und 
Marketingstrategien zur Erreichung von Kindern und Jugendlichen grundlegend. 
1 INTRODUCTION
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1. INTRODUCTION 
1.1 ANTHOCYANINS - A BRIEF OVERVIEW 
Anthocyanins are water-soluble orange to blue coloured secondary plant metabolites 
[1], belonging to the flavonoid group, which makes up the most common subgroup of 
polyphenols in the human diet [2]. Anthocyanins are widely distributed in seed plants and 
occur in their ﬂowers, leaves, fruits, seeds and other tissues [1] and are ingested by humans 
with fruit, vegetables and products thereof, such as jam, juice and wine [3]. Their name 
derives from the Greek words anthos (flower) and kyanos (blue) and was coined in 1835 by 
the German pharmacist Ludwig Clamor Marquart [4]. 
More than a century and a half later, scientific attention started to focus on dietary 
anthocyanins in the context of prevention of chronic diseases, such as cardiovascular disease 
(CVD) [5, 6] and cancer [7-9], because it was speculated that antioxidant and anti-
inflammatory properties studied in vitro and in animals [7, 10] might in part explain the 
reduction of risk of these diseases through fruit and vegetable consumption that is described 
in epidemiological studies [11]. Indeed, recent epidemiological studies suggest several 
potential health-promoting effects of anthocyanins. For instance, case-control studies showed 
a protective effect of anthocyanins on colorectal cancer [9] and acute myocardial infarction 
[12]. In a cross-sectional study, higher anthocyanin intake was positively associated with bone 
mineral density [13]. Large cohort studies revealed associations between anthocyanin intake 
and CVD [5], diabetes [14] and Parkinson’s Disease [15]. The in vitro antioxidant activity of 
anthocyanins [16] is not approved as a crucial mechanism for the potential protective effects 
in humans [17], due to low bioavailability. It therefore remains to be elucidated, which 
molecules or combinations of molecules function via which pathway. 
1.2 ANTHOCYANINS - BIOCHEMISTRY 
Structure and biosynthesis 
Until now, more than 635 different anthocyanins have been identified in nature [3], 
and about 70 different varieties are present in food plants [18]. Anthocyanins are glycosides - 
the aglycones (called anthocyanidins) consist of three carbon rings with two aromatic (A and 
B) and one O-heterocyclic (C) ring (Figure 1), which is characteristic of flavonoids [2]. 
Among the 31 different anthocyanidins described, cyanidin, delphinidin, malvidin, 
peonidin, petunidin and pelargonidin are the aglycones of about 90% of all anthocyanins 
(Figure 1) [19]. The attachment of sugars, most commonly glucose, galactose, rhamnose and 
arabinose, leads to 3-glycosides or 3,5-diglycosides [20]. 
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Figure 1 Anthocyanin structure (created according to [21]) 
Anthocyanin colour depends on pH, co-existing compounds and metal ions [1]. PH 
influences the rearrangement of different molecular forms of anthocyanins present in a 
dynamic equilibrium (Figure 2) [22]. The red flavylium cation is the most stable form and 
predominates at pH 1-3 [23]. In flowers, the colour of the anthocyanins attracts pollinators 
[24] and in fruits, it attracts animals for seed dispersal [25]. In photosynthetic tissues, 
anthocyanins protect plant cells against damage due to sunlight [26]. 
Figure 2 Generalised effect of pH value on anthocyanin equilibria (modified according to [20]) 
Anthocyanidins are synthesised in the cytoplasm of plant cells and stored in vacuoles 
as glycosides [1]. In particular, phenylalanine produced in the shikimic acid pathway (which 
is present in plants, bacteria and fungi, but lacking in animals [26]) is channelled from 
primary into secondary metabolism by phenylalanine ammonia-lyase (PAL) [27]. Here, in the 
phenylpropanoid pathway, p-coumaroyl-CoA, the starting molecule for the synthesis of 
flavonoids, is built [26]. Combining this with three malonyl-CoA molecules (also derived 
from the primary metabolism), the enzyme chalcone synthase provides the precursor for a 
 
R5’ R3’ Anthocyanidin 
H H Pelargonidin 
OH H Cyanidin 
OH OH Delphinidin 
OCH3 H Peonidin 
OCH3 OH Petunidin 
OCH3 OCH3 Malvidin 
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large number of flavonoids - a tetrahydroxy-chalcone, containing a second aromatic ring. The 
steps that follow include ring closure, introduction of an OH group and of two double bonds, 
and finally glycosylation of the OH group in the C ring and further modifications of the A and 
B rings [26]. Mutations in enzymes of this biosynthetic pathway [28] determine variation in 
anthocyanin profile and content between cultivars [29]. Anthocyanin content of a specific 
food depends also on growing conditions [30], because key enzymes, such as PAL, are 
inducible by environmental factors, such as pathogen attack or UV light [27]. 
Metabolism and bioavailability 
After the release of the glycosides from the food matrix as a result of chewing [3], 
hydrolysis may already start in the oral cavity: some aglycones may be generated by β-
glucosidase in saliva, which is derived from the oral microbiota as well as from the human 
oral epithelial cells shed [31]. Anthocyanins are likely to be in the flavylium cation form in 
the low pH of the stomach [23] and are absorbed from the stomach as glycosides in rats [32, 
33] and humans [34], probably via bilitranslocase [35]. In the small intestine, pH is higher and 
it is therefore likely that the carbinol pseudobase form predominates [23]. Anthocyanins are 
able to pass through the small intestinal wall, as was shown in rats, where uptake reached 
7.5% of the ingested anthocyanins [36], the absorption rate being presumably highest in the 
jejunum [37]. However, intact anthocyanins may not be effectively transported into the 
circulation after uptake by intestinal tissue [36], which is indicated by their very low 
bioavailability measured in plasma and urine: In most studies total urinary excretion was 
< 1% of anthocyanins ingested with foods and maximum plasma concentrations were only in 
the order of magnitude of nanomole or nanogram/L [38]. However, metabolites can be found 
in blood, particularly protocatechuic acid (3,4-dihydrobenzoic acid), which is the main 
metabolite of cyanidin-based anthocyanins and was found to account for 44% of the ingested 
dose of cyanidin-glucoside after blood orange juice consumption [39]. As revealed in studies 
with ileostoma patients, depending on the sugar moieties up to 85% of ingested anthocyanins 
reach the colon as glycosides [40, 41]. Therefore, there is a high concentration of intact 
anthocyanins during the passage through the gastrointestinal tract [42] and they are available 
for the colonic microbiota. These bacteria can cleave the glycosidic linkage, and the released 
aglycones, which are unstable in the neutral pH prevailing in the colon, degrade to aldehydes 
and phenolic acids [43], such as protocatechuic acid [39]. Anthocyanins were detected in the 
eye tissue of pigs [44] and shown to pass the blood-brain-barrier to reach brain tissues of rats 
[45] and pigs [44]. To deepen knowledge on human anthocyanin metabolites and their tissue 
distribution, studies with isotopically labelled anthocyanins will be needed [17]. 
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1.3 ANTHOCYANINS IN THE HUMAN DIET 
Sources 
Anthocyanins enter the human body by the intake of food plants, such as fruits, 
vegetables and products thereof, such as juices, wine, jam and again composite foods such as 
cakes, yoghurts and complementary baby food. During processing and storage changes in 
anthocyanin content can occur [46]. Mean anthocyanin content (± SD) in anthocyanin-
containing foods was calculated as 115 ± 259 mg/100 g and highest concentrations of 
anthocyanins (up to > 1000 mg/100 g) were found in dark-coloured fruits such as berries and 
cherry [47]. But also fruits with lower anthocyanin concentrations, such as apples 
(< 5 mg/100 g) [18, 48], can be important sources when they are consumed frequently. Main 
sources identified in European adults’ diets are wine and berries [49]. Anthocyanins are 
permitted as food colourant at “quantum satis” in the European Union [50, 51]. An acceptable 
daily intake (ADI) value was not specified, because “on the basis of the available 
toxicological, biochemical and clinical data, the total intake of the substance, arising from its 
natural occurrence and/or its present use or uses in food at the levels necessary to achieve the 
desired technological effect, will not represent a hazard to health” [52]. 
Estimation of intake 
To estimate dietary anthocyanin intake, both food consumption data and food 
composition data are required. Food consumption data can either be obtained from food 
balance sheets at an aggregate population level or from questionnaires or records at an 
individual level [53]. Dietary assessment methods on the individual level, which are applied 
in surveys or epidemiological studies, include 24-hour recalls (24HR), estimated or weighed 
food records, diet histories and food frequency questionnaires (FFQ) (called “semi-
quantitative” when subjects are asked to quantify usual portion sizes of food items) [54]. Food 
composition data for phytochemicals are widely available in tens of thousands of 
publications, but as a new and important type of scientific archive, databases are being 
established [55]. Among several databases covering different aspects of phytochemicals [55], 
food composition data for anthocyanins are available in three databases at present: 
The USDA Database for the Flavonoid Content of Selected Foods (USDA DB) was 
published online in March 2003 [56], updated in 2006, 2007 and 2011 [57] and is the most 
widely used flavonoid content database in epidemiological studies today (Table 1). The 
version that was the latest during this work (Release 2.1, 2007) includes 3,154 mean values 
for 385 foods and 27 compounds extracted from 199 papers [48]. It provides mean content 
values condensed from the literature and anthocyanins are expressed as anthocyanidins. 
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Where literature gave values for individual glycosides, the glycoside values were converted 
into aglycone equivalents using conversion factors based on molecular weight. Fivehundred 
and sixty values in 125 foods are presented for the following six main anthocyanidins as mg 
per 100 g edible portion: cyanidin, delphinidin, malvidin, pelargonidin, peonidin and 
petunidin [48]. Each mean content value provided for a given compound and food is 
accompanied by a quality code (A-D) to indicate the relative quality of the data [56]. The 
database is downloadable as a pdf file and as a Microsoft Access database [48]. 
Phenol-Explorer is a newer database, containing information on phenolic compounds in 
foods and their metabolites in animals and humans, which has been compiled by the French 
National Institute for Agricultural Research [58]. The first version was published online in 
August 2009, version 2.0 was launched in October 2011 and included a metabolism section 
(J. Pérez-Jiménez, personal communication, February 2012). After exclusion of composition 
data that met exclusion criteria such as the use of an inappropriate method of polyphenol 
extraction, 37,634 composition data extracted from 638 publications were included in the 
database [58]. It covers more than 500 polyphenol glycosides, esters and aglycones in more 
than 450 foods [58], among these 71 different anthocyanins and 38 anthocyanin-containing 
foods [18]. The values provided are weighted means of the original content values according 
to the number of samples used to generate them, and were aggregated separately for five 
categories of analytical methods [58]. They are available expressed both as individual 
polyphenols and as aglycone equivalents [18]. Phenol-Explorer is accessible and can be 
queried online. The complete food composition database is downloadable as a Microsoft 
Access file and users can download results of their queries as Microsoft Excel files [18, 47]. 
EuroFIR eBASIS (BioActive Substances in Foods Information System) has been built within 
the framework of the European Food Information Resource (EuroFir) Network and has its 
origins in earlier British and Danish databases [59]. It covers compositional and biological 
data on bioactive compounds as well as a list of major food plants consumed in Europe [59]. 
For information on potentially health-promoting compounds eBASIS provides composition 
data for 256 compounds from 17 compound classes in 199 foods, among these are 817 data 
points from 38 peer reviewed publications covering 40 different anthocyanins and 31 
anthocyanin-containing foods (J. Plumb, personal communication, using information from 
eBASIS [60], May 2012). Compositional information is only extracted from peer-reviewed 
journal articles. Based on answers given by the evaluators within a “Critical Evaluation 
Scoring System“, a quality code is calculated and provided for each data point [61]. The 
database is accessible online, can be queried and user-driven reports can be created and 
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downloaded, e.g. as a spreadsheet [61]. However, in contrast to the USDA DB and Phenol-
Explorer, access to eBASIS requires paid membership of the EuroFIR AISBL (Association 
Internationale Sans But Lucratif) [60]. 
One of the first estimations of the intake of flavonoids, which is widely quoted, is that 
of the German physiologist Joachim Kühnau from 1976 [62]. The mean daily intake of 
flavonoids in the USA was estimated to be 1 g and the daily intake of anthocyanins 215 mg in 
summer and 180 mg in winter respectively, calculated as quercetin equivalents. Intake 
estimations increased rapidly since the mid 2000s, when the USDA DB was released. Table 1 
summarises estimations of anthocyanin intake (including the two estimates derived from the 
research detailed in this thesis), published between 1976 and 2012. Twenty-one of the 50 
studies had the purpose of estimating anthocyanin or flavonoid intake, while the rest were 
epidemiological studies, mainly case-control studies (n = 14). Twenty-nine estimations are 
from Europe (5 of these from Germany), 16 from the USA and 5 from Oceania and Japan. 
Three publications regarded children (including the two detailed here). Overall, results vary 
from 0 to 215 mg/day for anthocyanins and from 0 to 69 mg/day for anthocyanidins. This 
large variation results not only from an actual difference in intake, but is also due to the use of 
different dietary assessment methods and different anthocyanin content data. Therefore, a 
reasonable comparison between the intake in different countries or populations is rather 
difficult. 
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Table 1 Studies providing anthocyanin intake estimations 
Author Year Country Data sources Main food sources  Estimated intake 
 [mg/day] [mg/MJ] 
Sample2 Food consumption Anthocyani(di)n content  Compounds1 Mean ± SD Median Mean ± SD Median 
Kühnau [62] 1976 USA US population  OECD Food 
Consumption 
Statistics 1955-1971 
(Average American 
diet) 
Available data from the 
literature until 1974 
Fruit, fruit juices (winter: 
44%, summer: 53%) 
Anthocyanins 
expressed in 
terms of 
quercetin 
180 (winter) 
215 (summer) 
   
Linseisen et al. [63] 1997 Germany Subcohort of the German National Food Consumption Survey (1985-1988) 
Age: 30.4 ± 1.2 ♀, 29.6 ± 1.3 ♂ 
n = 63 + 56 (♀ + ♂) 
5-day- to 7-day 
dietary records 
Available data from the 
literature until 1995 
Berries Anthocyanidins 
(cyanidin, 
delphinidin, 
peonidin, 
petunidin, 
malvidin) 
6.57 ± 0.96 (all) 
6.51 ± 1.17 ♀ 
6.64 ± 1.58 ♂ 
2.72 (all) 
2.47 ♀ 
3.37 ♂ 
 0.29 ♀ 
0.26 ♂ 
Heinonen 2002, 
cited in Heinonen 
2007 [64] 
2002 Finland Finish population National Food 
Consumption Data 
(Average Finish diet) 
Not specified Berries Anthocyanins 82.5    
Peterson et al. [65] 2003 Greece Case-control study on breast cancer (1989-1991) 
Age: 56.4 ± 0.43 (cases), 54.4 ± 0.32 (controls) 
n = 820 + 1,548 ♀ (cases + controls) 
FFQ (115 food items 
or beverage 
categories) 
USDA DB 2003  Anthocyanidins  [quintile 3 
median]: 20.9 
  
Lagiou et al. [66] 2004 Greece Case-control study on stomach adenocarcinoma (1981-1984) 
Age: 64.5 ± 1.2 (cases), 59.8 ± 1.2 (controls) 
n = 110 (53 ♀) + 100 (51 ♀) (cases + controls)  
FFQ (80 food items or 
beverage categories) 
USDA DB 2003  Anthocyanidins  [quintile 3 
median]: 20.4 
  
Lagiou et al. [67] 2004 Greece Case-control study on CHD (1990-1991) 
Age: 57.9 ± 0.5 (cases), 56.5 ± 0.5 (controls) 
n = 329 (45 ♀) + 570 (246 ♀) (cases + controls) 
FFQ (110 food items 
or beverage 
categories) 
USDA DB 2003  Anthocyanidins  [quintile 3 
median]: 22.9 
  
Melby et al. [68] 2004 Japan Cross-sectional study on phytochemical intake and health history 
Age: 49.3 ± 2.8 
n = 67 ♀ 
One-day dietary 
records weekly for 6 
months 
Japanese database for 
functional food factors 
(FFF) containing 57 FFF 
in 278 foods 
 Anthocyanidin 11.3 ± 19.2 
µmol/day 
1.5 µmol/day   
Kita et al. [69] 2004 Japan Healthy volunteers (2002) 
Age: 63 ± 10 
n = 79 (63 ♀) 
One-day dietary 
record 
FFF database  Anthocyanidin 20.5 µmol/day 7.0 µmol/day   
Bosetti et al. [70] 2005 Italy Case-control study on breast-cancer (1991-1994) 
Age [median (range)]: 55 (23-74) (cases), 56 (20-74) (controls)  
n = 2,569 + 2,588 ♀ (cases + controls) 
FFQ (78 foods or food 
groups) 
USDA DB 2003 Onion, garlic Anthocyanidins  10.4 (controls)   
Rossi et al. [71] 2006 Italy Case-control study on colorectal cancer (1992-1996) 
Age [median (range)]: 62 (19-74) (cases), 58 (19-74) (controls) 
n = 1,953 (828 ♀) + 4,154 (2081 ♀) (cases + controls) 
FFQ (78 foods or food 
groups) 
USDA DB 2003 Wine, red fruits Anthocyanidins 20.0 ± 18.7 
(controls) 
   
Tavani et al. [12] 2006 Italy Case-control study on acute myocardial infarction (1995-2003) 
Age [median (range)]: 61 (19-79) (cases), 59 (16-79) (controls) 
n = 760 (180 ♀) + 682 (243 ♀) (cases + controls) 
FFQ (78 foods or food 
groups) 
USDA DB 2003 Red wine, red fruits, 
onion, garlic 
Anthocyanidins 19.2 (controls)    
Lagiou et al. [72] 2006 Greece Case-control study on peripheral artery occlusive disease (1982-1984) 
Age [n in the 4 age groups: ≤ 49/50-59/60-69/≥70]: 3/18/32/47 (cases), 
5/31/31/33 (controls)  
n = 100 (12 ♀) + 100 (13 ♀) (cases + controls) 
FFQ (110 items) USDA DB 2003  Anthocyanidins 10.8 ± 1.1 
(cases) 
13.5 ± 1.5 
(controls) 
   
Wu et al. [73] 2006 USA National Health and Nutrition Examination Survey (NHANES) (2001−2002) 
Age: not specified; ≥ 0 according to [74] 
n: not specified 
Not specified; 24HR 
according to [74] 
HPLC analysis of > 100 
foods on the US market + 
data for grape juices by 
Welch’s + published data 
for wine 
Blueberry (27%) Anthocyanins 12.53    
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Author Year Country Data sources Main food sources  Estimated intake 
 [mg/day] [mg/MJ] 
Sample2 Food consumption Anthocyani(di)n content  Compounds1 Mean ± SD Median Mean ± SD Median 
Johannot & 
Somerset [75] 
2006 Australia Representative sample of the Australian population (Australian National 
Nutrition Survey 1995) 
Age [min]: 2 
n = 13,858 
24HR USDA DB 2003 Wine Anthocyanidins until age 18: 
0.00 (2-3) -  
0.71 (4-7); 
19+: 2.90 
   
Lako et al. [76] 2006 Fiji 5 nutritional surveys: Naduri Longitudinal Survey (1952-1994); Fiji National 
Nutrition Surveys (1982, 1993); Suva-Nausori Corridor cross-sectional study 
(1996); Verata cross-sectional study (1999); Fiji Food Choice Study (2001) 
Age [range]: not specified; not specified; 30-39; 18-27; not specified 
n = 142-220; 4,964, 4,606; 200 ♀; 20 ♀; 140 households 
Weighing household 
edible raw food 
consumption over a 
one- or three-week 
period; 24HR; three 
24HR; two seven-day 
food records; seven-
day food record 
Analysis of 72 foods + 
data for 10 foods from 
the literature 
 Anthocyanins 0.04 (average over 
a 49-year period) 
   
Rossi et al. [77] 2007 Italy Case-control study on esophageal cancer (1992-1997) 
Age [median (range)]: 60 (39-77) (cases), 60 (36-77) 
n = 304 (29 ♀) + 743 (150 ♀) (cases + controls) 
FFQ (78 foods or food 
groups) 
USDA DB 2003 Wine, red fruits Anthocyanidins  23.7 (controls)   
Rossi et al. [78] 2007 Italy Case-control study on oral and pharyngeal cancer (1992-2005) 
Age [median (range)]: 58 (22-78) (cases), 58 (19-79) (controls) 
n = 805 (146 ♀) + 2,081 (779 ♀) (cases + controls) 
FFQ (78 foods and 
beverages + recipes) 
USDA DB 2003 Wine, red fruits Anthocyanidins 21.9 ± 21.0    
Garavello et al.[79] 2007 Italy Case-control study on laryngeal cancer (1992-2000) 
Age [median (range)]: 61 (30-80) (cases), 61 (31-79) (controls) 
n = 460 (45 ♀) + 1,088 (225 ♀) (cases + controls) 
FFQ (78 foods and 
beverages + recipes) 
USDA DB 2003 Wine, red fruits Anthocyanidins 28.0 ± 21.4 
(controls) 
   
Bosetti et al. [80] 2007 Italy Case-control study on renal cancer (1992-2004) 
Age [median (range)]: 62 (24-79) (cases), 62 (22-79) (controls) 
n = 767 (273 ♀) + 1,534 (546 ♀) (cases + controls) 
FFQ (78 foods and 
beverages + recipes) 
USDA DB 2003  Anthocyanidins 20.1 ± 17.8 
(controls) 
   
Fink et al. [81] 2007 USA Case-control study on breast cancer (1996-1997) 
Age [range]: 20-98, according to [82] 
n = 1,434 + 1,440 ♀ (cases + controls)  
FFQ (blueberries and 
raspberries not 
included) 
USDA DB 2003  Anthocyanidins 3.15 (cases) 
3.51 (controls) 
   
Fink et al. [83] 2007 USA Study on breast cancer survival (baseline interview: 1996-1997, follow-up 
interview: 2002-2004) 
Age [range]: 25-98 
n = 1,210 ♀ 
FFQ (100 items, 
blueberries and 
raspberries not 
included) 
USDA DB 2003  Anthocyanidins  [3rd quintile]: 
0.41-1.60  
  
Chun et al. [84] 2007 USA Nutrition Examination Survey (NHANES) (1999−2002) 
Age [min]: 19 
n = 8,809 (4,348 ♀) 
24HR USDA DB 2003 Wine (49%) Anthocyanidins 3.1 ± 0.5 (all) 
3.4 ± 0.6 ♀ 
2.9 ± 0.4 ♂ 
 0.36 ± 0.05 (all) 
0.26 ± 0.05 ♂ 
0.45 ± 0.07 ♀ 
 
Mink et al. [5] 2007 USA Analysis of the prospective Iowa Women’s Health Study (IWHS) on CVD 
mortality (baseline questionnaire: 1986, end of study: 2002) 
Age [range]: 55-69 
n = 34,489 ♀ 
FFQ (127 items) USDA DB 2003  Anthocyanidins  0.2 (participants 
with intake > 0) 
  
Ovaskainen et al. 
[85] 
2008 Finland Subsample of a cross-sectional population survey (FINDIET 2002) 
Age [range]: 25-64 
n = 2,007 (1095 ♀) 
48HR Analyses of foods 
common in Finland + 
USDA DB 2007 
Bilberry Anthocyanidins 47 ± 79 (all) 
53 ± 76 ♀ 
43 ± 82 ♂ 
 7 ± 12 (all) 
8 ± 12 ♀ 
5 ± 12 ♂ 
 
Mursu et al. [86] 2008 Finland Prospective cohort study on the risk of cancer within the scope of the Kuopio 
Ischaemic Heart Disease Risk Factor (KIHD) Study (Enrolment 1984-1989) 
Age [range]: 42-60 
n = 2,590 ♂ 
4-day food record 
(4DFR) using 
household measures 
USDA DB 2006  Anthocyanidins 5.9    
Mursu et al. [87] 2008 Finland Prospective cohort study on the risk of ischaemic stroke and CVD mortality 
within the scope of the KIHD Study (Enrolment 1984-1989) 
Age [range]: 42-60 
n = 1,950 ♂ 
4DFR using 
household measures 
USDA DB 2003  Anthocyanidins 6.2    
Mullie et al. [88] 2008 Belgium Healthy dietitians (2004) 
Age [mean (range)]: 40 (22-69) 
FFQ designed to 
assess flavonoid 
intake (2 times), non-
USDA DB 2003  Anthocyanidins 7.6 ± 8.5 (FFQ1) 
7.7 ± 8.1 (FFQ2) 
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Author Year Country Data sources Main food sources  Estimated intake 
 [mg/day] [mg/MJ] 
Sample2 Food consumption Anthocyani(di)n content  Compounds1 Mean ± SD Median Mean ± SD Median 
n = 45 ♀ consecutive 4DFR 5.5 ± 10.0 (4DFR) 
Cutler et al. [89] 2008 USA Analysis of the prospective IWHS on risk of cancer (baseline questionnaire: 
1986, end of study: 2004) 
Age [range]: 55-69 
n = 34,708 ♀ 
FFQ (127 items) USDA DB 2003  Anthocyanidins  0.1   
Frankenfeld et al. 
[8] 
2008 USA Case-control study on non-Hodgkin lymphoma risk (1998-2000) 
Age [range]: 20-74 
n = 466 (215 ♀) + 390 (195 ♀) (cases + controls) 
FFQ (117 items) USDA DB 2003  Anthocyanidins  [4th quartile]: 
0.001-0.152 
  
Bobe et al. [90] 2008 USA Analysis of the Polyp Prevention Trial (4-year randomised, multicenter, 
nutritional intervention trial) on colorectal adenoma recurrence (1991-1994) 
Age: 61.1 ± 9.9 
n = 1,905 (686 ♀) 
FFQ (119 items) USDA DB 2006 “Other fruit” (grape, 
plum, pineapple) (45%), 
banana3 (19%), “other 
fruit juices” (apple, 
cranberry, grape), fresh 
strawberry, apple 
Anthocyanidins  10.1   
Chun et al. [6] 2008 USA Cross-sectional study on serum c-reactive protein concentrations using data 
from NHANES (1999-2002) 
Age [min]: 19 
n = 8,335 (4,110 ♀) 
24HR USDA DB 2003  Anthocyanidins  [2nd tertile]: 
4.7-22.6 
  
Somerset & 
Johannot [91] 
2008 Australia Australian National Nutrition Survey (1995-1996) 
Age [min]: 19 
n = 10,851 
24HR USDA DB 2003 Wine (84%) Anthocyanidins 2.9    
Bobe et al. [92] 2009 USA Case-control study on esophageal cancer (1986-1989) 
Age [range]: 30-79 
n = 493 + 1235 ♂ (cases + controls) 
FFQ (57 foods or food 
groups,18 beverages) 
USDA DB 2007 Banana3 (10-34%), red 
wine, apple/pear, peas 
non green 
Anthocyanidins  3.78-6.84 
(different case and 
control groups) 
  
Dilis & 
Trichopoulou [93] 
2010 Greece European Prospective Investigation into Cancer and Nutrition (EPIC) (Greek 
cohort) (enrolment 1994-1999) 
Age [median]: 54 ♀, 51 ♂ 
n = 28,572 (16,618 ♀) 
FFQ (≈ 200 foods and 
recipes, 15 types of 
beverages) 
USDA DB 2007 Cherry, apple, peach 
(cyanidin), eggplant, 
banana3, wine 
(delphinidin), wine 
(malvidin), strawberry, 
cherry, apple 
(pelargonidin), cherry, 
wine (peonidin), wine, 
vinegar (petunidin) 
Anthocyanidins  10 (all) 
9 ♀ 
12 ♂ 
  
Zamora-Ros et al. 
[94] 
2010 Spain Spanish EPIC cohort (enrolment 1992-1996) 
Age [range]: 35-64 
n = 40,683 (25,237 ♀) 
Diet history 
questionnaire 
(> 600 foods and 
beverages, ≈ 150 
recipes) 
USDA DB 2007 + data 
from the literature 
Wine (46%), “fruit, not 
speciﬁed”, apple, pear, 
grape, strawberry, cherry, 
banana3 (2.4%), plum, 
peach 
Anthocyanidins 18.88 ± 21.5 (all) 
11.38 ± 10.93 ♀ 
26.34 ± 26.29 ♂ 
11.27 (all) 
8.27 ♀ 
17.4 ♂ 
  
Beking & Vieira 
[95] 
2010 UK, 
Ireland 
Populations of the UK and the Republic of Ireland FAO Food Balance 
Sheets 
USDA DB 2007 + data 
from the literature 
 Anthocyanidins 69.2 (UK) 
60.3 (Ireland) 
   
Drossard et al. [96] 2011 Germany DONALD Subcohort (1990-2009) 
Age [range]: 3-36 months 
n = 942 (476 ♀) 
Repeated 3-day 
weighed dietary 
records 
USDA DB 2007, excl. 
banana3 and nuts 
Pear, apple, strawberry Anthocyanidins 0.05 (3 months) - 
8.69 (36 months) 
0.00 (3 months) - 
4.25 (18 months) 
0.02 (3 months) - 
2.02 (24 months) 
0.00 (3 months) - 
1.15 (9 months) 
Lesser et al. [97] 
(supplemented by 
S. Lesser, personal 
communication, 
June 2012) 
2011 Germany Residents in nursing homes (2006) 
Age: 86 ± 7 ♀, 81 ± 8 ♂ 
n = 712 (80% ♀) 
3-day weighed food 
record (kept by 
researchers) 
USDA DB 2007  Anthocyanidins  15.8   
Lesser et al. [97] 
(supplemented by 
S. Lesser, personal 
communication, 
June 2012) 
Un-
pub-
lished 
Germany Care-dependent elderly living at home (2010) 
Age [range]: 65-96 
n = 338 (64% ♀) 
3-day estimated food 
records (kept by 
participants/care staff) 
USDA DB 2007  Anthocyanidins  7.8   
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Author Year Country Data sources Main food sources  Estimated intake 
 [mg/day] [mg/MJ] 
Sample2 Food consumption Anthocyani(di)n content  Compounds1 Mean ± SD Median Mean ± SD Median 
Perquier et al. [98] 2011 France French E3N-EPIC cohort (dietary assessment: 1993-1995) 
Age [range of year of birth]: 1925-1950 
n = 73,034 ♀ 
Self-administered diet 
history questionnaire 
Phenol-Explorer Cherry (31%), wine, 
strawberry, raspberry 
Anthocyanins 71.15    
Pérez-Jiménez et 
al. [98] 
2011 France SU.VI.MAX study (randomized, placebo-controlled trial of the health effects 
of antioxidant vitamins and minerals) (enrolment: 1994, 7.5 y of follow-up) 
Age: 51.5 ± 4.4 
n = 4,942 (2,346 ♀) 
Six 24H dietary 
records 
Phenol-Explorer Red wine (41%), cherry, 
strawberry, black grape 
Anthocyanidins 
Anthocyanins 
35 ± 29 
57 ± 47 
   
Zamora-Ros et al. 
[49] 
2011 10 Western 
European 
Countries 
EPIC cohort (enrolment 1992-2000) 
Age [range]: 35-74 
n = 36,037 (23,009 ♀) 
24HDR USDA DB 2007 + 
Phenol-Explorer 
Southern Europe: Wine 
(25%), grape; Central: 
Berries (17%), wine; 
Northern: Wine (25%), 
non-alcoholic beverages 
Anthocyanidins 29.44 ± 0.53 ♂ 
33.52 ± 0.39 ♀ 
south to north 
gradient 
   
Cassidy et al. [99] 2011 USA Study on hypertension using data from NHS I (1990); NHS II (1991); HPFS 
(1990) 
Age [mean (range)]: 55 (30-55); 36 (25-42); 56 (40-75) 
n = 46,672 ♀; 87,242 ♀; 23,043 ♂ 
FFQ every 4 years USDA DB 2007 + 
EuroFIR eBASIS + data 
from the literature 
Blueberry (about 30-
40%), banana (about 14-
20%)3, strawberry 
Anthocyanidins 12.5 (NHS I ♀) 
14.0 (NHS II ♀) 
15.2 (HPFS ♂) 
   
Landberg et al. 
[100] 
2011 USA Cross-sectional study on inflammation markers and endothelial dysfunction 
using data from NHS (1990) 
Age [range]: 43-70 
n = 2012 ♀ 
FFQ (131 items) USDA DB 2007 + 
EuroFIR eBASIS + data 
from the literature 
Berries (62%) Anthocyanidins  10   
Drossard et al. 
[101] 
2012 Germany DONALD Subcohort (1990-2009) 
Age [range]: 4-18 
n = 920 (459 ♀) 
Repeated 3-day 
weighed dietary 
records 
USDA DB 2007, excl. 
banana3 and nuts 
Strawberry Anthocyanidins 11.69 (4-6 ♀) -  
12.62 (7-9 ♀) ; 
10.69 (4-6 ♂) - 
16.33 (16-18 ♂) 
5.66 (4-6 ♀) - 
6.44 (7-9 ♀) ; 
5.35 (4-6 ♂) - 
6.36 (16-18 ♂) 
1.63 (16-18 ♀) -
2.28 (4-6 ♀) ; 
1.47 (13-15 ♂) - 
1.86 (4-6 ♂) 
0.82 (10-12 ♀) - 
1.10 (4-6 ♀) ; 
0.60 (16-18 ♂) - 
0.96 (4-6 ♂) 
Welch et al. [13] 2012 UK Cross-sectional study on bone mineral density using data from the TwinsUK 
adult twin registry (1996-2000) 
Age [mean (range)]: 48 (18-79) 
n = 3,160 ♀ 
FFQ USDA DB 2007 + 
Phenol-Explorer 
Grape (about 20%), pear, 
wine, berries and fruit 
yogurts 
Anthocyanidins  13.7   
Kesse-Guyot et al. 
[102] 
2012 France Prospective study on cognitive function using data from the SU.VI.MAX 
study (baseline: 1994-1996, follow-up: 2007-2009) 
Age [range]: 45-60 
n = 2,574 (1,161 ♀) 
Six 24H dietary 
records 
Phenol-Explorer  Anthocyanins 71 ± 52 ♂ 
45 ± 37 ♀ 
   
Wedick et al. [14] 2012  USA Prospective study on type 2 diabetes using data from NHS I (1984-2008); 
NHS II (1991-2007); HPFS (1986-2006) 
Age [mean (range)]: 50 (37–65); 36 (26-45); 53 (40-75) 
n = 70,359 ♀; 89,201 ♀; 40,420 ♂ 
FFQ every 2 to 4 
years (118 - 166 
items) 
USDA DB 2007 + 
EuroFIR eBASIS + data 
from the literature 
 Anthocyanidins  8.1 (NHS I ♀) 
8.0 (NHS II ♀) 
8.3 (HPFS ♂) 
  
Cassidy et al. [103] 2012 USA Prospective study on stroke using data from NHS (1990-2006) 
Age [range]: 30-55 at time of recruitment (1976) 
n = 69,622 ♀ 
FFQ every 4 years USDA DB 2007 + 
EuroFIR eBASIS + data 
from the literature 
Blueberry (40%), 
strawberry, apple, red 
wine, raisin 
Anthocyanidins  [3rd quintile]: 
9.20-13.56 
  
McCullough et al. 
[104] 
2012 USA Prospective study on CVD mortality using data from the Cancer Prevention 
Study II Nutrition Cohort (1999-2006) 
Age: 70 ♂, 69 ♀ 
n = 98,469 (60,289 ♀) 
FFQ (152 items) USDA DB 2007  Anthocyanidins  [quintile 3 
median]: 
9.8 
  
 
This compilation of studies raises no claim to completeness. 
1 Anthocyandins in the USDA DB include the 6 main anthocyanidins cyanidin, delphinidin, malvidin, peonidin, petunidin and pelargonidin. 
2 Age is given in years and as mean (and ± SD if provided) unless stated otherwise. 
3 Bananas and nuts were falsely identified as anthocyanin sources due to the non-zero values provided by the USDA DB 2007 [105, 106]. 
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1.4 CHILDREN AS CONSUMERS OF ANTHOCYANIN-RICH FOODS 
Anthocyanin intake and sources 
Prior to this thesis, the only available study on anthocyanin intake in children was 
based on the Australian National Nutrition Survey 1995 and was published in 2006 [75]. 
Estimated intake was 0 mg/day in 2-3-year-olds and not above 0.7 mg/day until age 18. As 
the main sources of anthocyanins for children were not presented here, information on these is 
still lacking. 
In Germany, pomaceous fruit (e.g., apples, pears) are the fruits most commonly 
consumed by children and adolescents [107]. Berries, as an anthocyanin-rich group, are 
consumed in the same amounts as tropical (e.g., bananas) and citrus fruits (e.g., oranges). 
Cherries are also a source of anthocyanins and follow next as part of the stone fruit group 
[107]. The sorts of vegetables consumed the most are fruity vegetables (cucumbers, 
tomatoes), followed by root and tuber vegetables (e.g., carrots), leafy vegetables, and cabbage 
[107]. The most popular juices among Germans including children are anthocyanin-free apple 
and orange juice [108, 109]. 
Therefore, it seems that anthocyanin-rich fruits and vegetables do not play a major role 
in plant food intake. In addition, like adults, children and adolescents do not meet the 
recommended daily intake of fruits and vegetables [110-113]. To increase intake, products 
popular among this age group, such as juices [114, 115] or “smoothies” [116], may be a good 
possibility. The latter are made of whole fruits or vegetables and in most cases are blended 
with juices to create a smooth texture [117]. 
Sensory properties of anthocyanin-rich foods 
Anthocyanin-rich fruits and vegetables are characterised by red colour, for example 
strawberries and raspberries, or dark colour at very high concentrations, for example in black 
elderberry or black currant [47]. Whereas polyphenol-rich fruits and vegetables may taste 
bitter and evoke the tactile sensation of astringency, which decreases acceptance among 
consumers and especially children [118], pure anthocyanins do not contribute to bitterness 
and astringency themselves [119]. To develop tasty anthocyanin-rich products, either 
polyphenol-rich products may be blended with juices familiar to children, such as apple juice 
[120], or anthocyanin-rich varieties of well-liked fruits need to be chosen or developed. For 
example, Accent and Dakapo are grape sorts that contain anthocyanins not only in the skin, 
but also in the flesh [121]. Accent is characterised by a vanilla aroma, Dakapo has a rather 
neutral taste [121]. 
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Development of food preferences 
Food preferences in humans develop as an interaction between genetic predispositions 
on the one hand - such as neophobia, innate preference for sweet or aversion to sour and bitter 
- and environmental factors on the other hand [122]. The early environment provides flavour 
experiences in utero, through breast or formula feeding, and through complementary feeding, 
which lay the foundation of later food choices and are important in establishing life-long food 
habits [123]. Food acceptance by children is influenced by learning processes such as “mere 
exposure” to novel food, social influences (parents, peers, media) and association of 
physiological consequences of food intake with its taste cues [124]. Food preferences seem to 
already be built in the first years of life [125] and may be maintained into adulthood [126, 
127]. Nevertheless, factors such as mere exposure effect, associative conditioning and 
sensory-specific satiety influence these preferences and therefore food choice throughout the 
life-span [128]. Younger children might have less stable preferences than older children [129] 
and preferences might still be more open to influence in childhood than in adulthood, as 
suggested by a short repeated exposure [130]. 
Sensory testing with children 
There are three main purposes for sensory testing with children: basic research that 
aims to understand sensory perceptions of infants and children, sensory evaluation with 
children as trained judges (descriptive analyses) and consumer testing with children as 
untrained users [131]. Descriptive analyses may more reasonably be carried out by adults 
[131]. In contrast, valuable data in basic research and product development can be obtained 
by sensory testing with children [131, 132]. Consumer tests are done routinely by food 
manufacturers [131], because there is a large market for children’s foods and beverages [133]. 
Sensory tests with untrained consumers are called hedonic tests and they are chosen to 
examine which products are preferred and how well products are liked [134]. The term 
“preference” is used when one product is preferred over another, whereas the term “liking” 
refers to a hedonic evaluation of a food without direct comparison to other products [128]. 
Sensory testing methods used to study preference and liking of products are paired 
comparisons, hedonic scaling and preference ranking, and all of these methods can be suitable 
from as early as age 4 [131]. However, there is a large variation in cognitive abilities among 
children of the same age [131, 132]. Children, in contrast to adults, may need more support 
with conducting a sensory test and under age 8 usually one-on-one interviews are required 
[133], because reading and writing skills are not sufficient for self-administered tasks [131]. 
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1.5 OBJECTIVE 
The overarching aim of this thesis was to estimate and describe anthocyanin intake in 
children and at the same time provide an approach to increase anthocyanin intake in this age 
group via the development of popular anthocyanin-rich food products. Figure 3 summarises 
the research context and highlights the topics of this thesis, which are formulated as research 
questions 1 to 4 (Q1 - Q4) as follows. 
Anthocyanins
Synthesis and functions in plants
Presence in plant foods
Evaluation of food composition data
(Q1)
Organoleptic impressions of humans
Sensory evaluation by children (Q4)
Physiological effects
Shortterm food choice 
(colour, taste)
Dietary recommendations
(behavioural prevention)
Intake level, sources
Estimation via food consumption data
and food composition data (Q2, Q3)
New food products
(environmental prevention)
Longterm imprinting 
(taste, dietary behaviour)
Primary 
prevention
by a health-
promoting diet
 
Figure 3 Integration of the specific research topics of this thesis into the general research context 
Question 1: Evaluation of food composition data 
For anthocyanin intake estimations, anthocyanin content data (expressed as 
anthocyanidins) were taken from the USDA DB 2007 [48], which was the most 
comprehensive database on flavonoid content of foods at the beginning of this thesis. 
However, the question arose as to whether or not bananas contain anthocyanins and the non-
zero value given in the database was considered. The questions to be answered were: 
• Do bananas contain anthocyanins? 
• What may be the effect of false values on results of epidemiological studies? 
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Question 2: Anthocyanins in the diet of infants and toddlers (0-3 years): intake, sources, 
age and time trends 
Anthocyanin intake estimations for young age groups are lacking. However, as their 
food preferences may determine food choices and health in later life, it is of special interest to 
have an insight into their anthocyanin intake. Therefore, with the use of existing dietary data, 
the questions to be answered were: 
• What is the anthocyanidin intake of infants and toddlers in absolute values (mg/day) 
and in relative values (anthocyanidin density of the diet in mg/MJ)? 
• What are the main sources of anthocyanins in the diet of infants and toddlers? 
• Does the anthocyanidin density of the diet of infants and toddlers change with age and 
time?  
Question 3: Anthocyanins in the diet of children and adolescents (4-17 years): intake, 
sources, age and time trends 
In parallel with question 2, the questions to be answered were: 
• What is the anthocyanidin intake of children and adolescents in absolute values 
(mg/day) and in relative values (anthocyanidin density of the diet in mg/MJ)? 
• What are the main sources of anthocyanins in the diet of children and adolescents? 
• Does the anthocyanidin density of the diet of children and adolescents change with age 
and time?  
Question 4: Liking of anthocyanin-rich juices and smoothies by children and adolescents 
As intake of fruits and vegetables is lower than recommended in children and 
adolescents and intake of anthocyanins might be health-promoting, it is of interest to develop 
anthocyanin-rich products especially liked by this age group. Therefore, a sensory evaluation 
of anthocyanin-rich fruit juices as well as fruit smoothies was conducted. The questions to be 
answered were: 
• Do children and adolescents accept anthocyanin-rich fruit products, and are fruit 
composition and viscosity decisive? 
• Does blending anthocyanin-rich juice with popular apple juice influence the 
acceptance of an anthocyanin-rich grape-bilberry juice? 
• Can individual preferences be distinguished? 
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1.6 RESEARCH STRUCTURE 
ANTHONIA (ANTHOcyanins - Nutritional Investigations in Alliance) is a joint 
research project focussed on “Anthocyanins in berry fruit juices - In vivo-studies on 
bioavailability and effects on microbiota" (Figure 4) [135]. The project was funded by the 
German Federal Ministry of Education and Research (BMBF; Research Fund No. 0315379) 
from 2009 to 2012 and coordinated by Prof. Dr. Clemens Kunz, Institute of Nutritional 
Science, Justus Liebig University Giessen. The Research Institute of Child Nutrition (FKE) in 
Dortmund was responsible for one of the seven subprojects and used the existing structure 
and data of the DONALD Study.  
Figure 4 Joint research structure of collaborating institutes in the ANTHONIA Project [136]. 
Collaborators relevant for this thesis are indicated by the red boxes. 
The DONALD (DOrtmund Nutritional and Anthropometric Longitudinally Designed) 
Study is a longitudinal open cohort study conducted at the FKE in Dortmund since 1985. 
Detailed data on diet, growth, development and metabolism between infancy and adulthood 
have been collected and used for analysis of different research questions. Since 1989, infants 
have been recruited and systematically followed up at least until the age of 18. The regular 
visits to the FKE take place every 3 months in the first year of life, twice a year in the second 
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year of life and once a year from the age of 2 onwards (Figure 5). The assessments always 
include a medical examination, anthropometric measurements, questionnaires and, relevant 
for this thesis, detailed 3-day weighed dietary records [137]. 
For these records, the parents of the younger participants or the older participants 
themselves weigh and record all foods and beverages consumed using electronic food scales 
(± 1 g) on three consecutive days. Recording house-hold measures, such as number of spoons 
or scoops, is allowed when weighing is not possible [138]. Any food consumed by the 
participants is stored in the in-house food and nutrient database LEBTAB. Compositions of 
composite foods are estimated by recipe simulation using labelled nutrient contents and 
ingredients. For longitudinal analysis, LEBTAB is updated continuously with new foods 
recorded by the participants. A new food or a commercial food product that already exists in 
the database but has undergone a change in composition (i.e. new ingredients, change of 
fortiﬁcation) evokes a new entry [139]. 
Within the scope of this thesis, all participants aged 4-17 were invited to take part in 
an additional tasting session, subsequent to their regular examinations, between February and 
December 2010. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 DONALD study schedule. Data and structure used for the present work are highlighted. 
Ethical considerations 
The DONALD Study is exclusively observational throughout and non-invasive until 
the age of 18. The study as a whole as well as the additional tasting sessions have been 
approved by the Ethics Committee of the University of Bonn. All examinations and 
assessments, including tasting sessions, are performed with parental, and later on the 
participants’, informed consent. 
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The following table provides overviews of the data and methods used for this work. 
Precise descriptions can be found in the published manuscripts. 
All calculations and statistical analyses were carried out using SAS (Statistical 
Analysis System, versions 9.1.3 and 9.2, Cary, NC, USA). 
Table 2 Data and methods used for this work 
 DONALD data and structure Additional data sources and methods 
Q1: Evaluation of food composition data 
Data  USDA DB 2007 [48] 
Anthocyanin analysis of banana fruit by the 
Geisenheim Research Center 
Q2: 
Q3: 
Anthocyanins in the diet of infants and toddlers: intake, sources, age and time trends 
Anthocyanins in the diet of children and adolescents: intake, sources, age and time trends 
Data and 
sample 
Food and nutrient database LEBTAB 
Q2: 
3-day weighed dietary records from participants 
aged 3-36 months between 1990 and 2009 (942 
participants, 934 for mixed model after exclusion of 
3-month-olds; 4617 records, 4199 for mixed model) 
Q3: 
3-day weighed dietary records from participants 
aged 4-18 years between 1990 and 2009 (920 
participants; 6707 records) 
USDA DB 2007 [48] 
Methods Dietary assessment (3-day weighed dietary records)  
Special 
statistical 
methods 
Polynomial mixed effects regression model (SAS PROC MIXED) including both ﬁxed and random 
effects to model age and time trends in anthocyanidin density of the diet and to take into account 
repeated measurements [140] 
Q4: Liking of anthocyanin-rich juices and smoothies by children and adolescents 
Data Characteristics of DONALD participants Production of anthocyanin-rich juices and 
smoothies by the Geisenheim Research Center  
Anthocyanin and further analysis of the 
products by the Geisenheim Research Center 
Structure Regular visits at the FKE Sensory Panel at the Geisenheim Research 
Center to study aging processes of products 
Sample DONALD participants aged 4-17 years taking part 
in the annual visit and providing full data sets 
(n = 326) 
 
Methods  Hedonic tests: Pairwise comparisons, pairwise 
comparisons with forced choice to derive a 
rank order, age-adapted hedonic scales 
Questionnaire  
Special 
statistical 
methods 
Mapping technique “Internal Preference Mapping” for applying principal component analysis on 
preference data, in this case using fruit juice samples as objects and judgements of the participants 
as variables (SAS PROC PRINQUAL) [141]. 
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3. GENERAL DISCUSSION 
3.1 SYNOPSIS OF RESEARCH RESULTS 
It was concluded after critical evaluation of the original literature [142] and 
anthocyanin analysis of bananas by the Geisenheim Research Center that the anthocyanidin 
content of bananas provided by the USDA [48] did not derive from anthocyanins, but rather 
from proanthocyanidins (Q1). This is also the case for the values for some nuts in the USDA 
DB, which are all provided by the same publication [142]. Therefore, in contrast to other 
estimations (e.g., in large US cohorts, EPIC subcohorts), in this thesis the values for bananas 
and nuts given by the USDA were excluded for anthocyanin intake estimations in children. 
These estimations showed that anthocyanins were widely present in the diet of the 
young German sample from late infancy onwards (Q2, Q3). The median anthocyanidin intake 
estimated over the whole 20-year period from 1990 to 2009 was around 4 mg/day in older 
infants (from 9 months on) and around 6 mg/day in children and adolescents, with the mean 
intake being approximately twice as high (Q2, Q3). Pomaceous fruit (pears, apples) 
represented the main source of anthocyanins in infancy, whereas strawberries were the main 
source from the age of 18 months until the age of 18 years (Q2, Q3). 
Median anthocyanidin density of the diet estimated over the whole 20-year period 
ranged from 0.6 mg/MJ in adolescent boys to 1.2 mg/MJ in 9-month-olds (Q2, Q3). Age and 
time trends were found to be present: density increased with age during infancy, followed by 
a slight decrease up to the age of 36 months (Q2). From early childhood into adolescence, 
density decreased further (Q3). Over the 20-year study period a decrease in anthocyanidin 
density in infants was observed, which may be attributable to a longer duration of full 
breastfeeding in recent times. In toddlers (18-36 months), a slight increase in anthocyanidin 
density of the diet was observed (Q2), whereas anthocyanidin density of children’s and 
adolescents’ (4-18 years) diets decreased slightly with time during the first half and increased 
slightly with time during the second half of the 20-year study period (Q3). Density was higher 
in girls than in boys during childhood and adolescence (Q3). 
The sensory evaluation study in 4-17-year-olds showed that anthocyanin-rich products 
and in particular grape-bilberry juice were well accepted by children and adolescents, juices 
were liked better than smoothies and grape-bilberry liked better than apple-bilberry mixtures 
(Q4). Acceptance of the most popular grape-bilberry juice was not influenced by blending it 
with familiar apple juice. Internal Preference Mapping revealed that a group of participants 
rated smoothies higher than juices and/or apple-bilberry higher than grape-bilberry mixtures. 
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3.2 STRENGTHS AND WEAKNESSES OF THE DATA 
Food consumption 
An inherent weakness of intake estimations is the inaccuracy of food consumption 
data. The DONALD dietary records and the in-house food and nutrient database LEBTAB 
[139] were not designed with assessment of secondary plant metabolites as an objective. 
Therefore, specific information on the consumed food varieties regarding anthocyanin 
content, for example the colour of grapes, is not available. Further, it was not possible to 
quantify the amount of anthocyanins ingested in terms of food colourants, because this 
information has been entered into LEBTAB only since around 2005 and because of the 
“quantum satis” principle [50, 51]. 
Despite inherent difficulties, the dietary assessment method of the DONALD Study is 
a major strength. The detailed 3-day weighed dietary records [137] allow an exact assessment 
of amounts consumed and LEBTAB allows an exact breakdown of the recipes of foods [139], 
such that small amounts of anthocyanin-containing ingredients eaten can also be identified. In 
addition, the large number of subjects and records available and their distribution over the 
year should result in reliable mean intake values for different age groups, over the year.  
Anthocyanin content of foods 
Another inherent weakness of intake estimations is the technological [46], analytical 
[55] as well as biological [143] variability in food composition data, which is difficult to 
incorporate in databases. One may question if it is reasonable to apply a US database to foods 
consumed by a German population. However, values presented cover a wide range of 
varieties from different regions - in the first version of the database most values came from 
Europe and countries other than the US [56] - and foods are presently sold worldwide. 
Strengths of the USDA DB include its wide application in previous intake estimations 
as well as in epidemiological studies, and the fact that it was the most comprehensive 
database available at the beginning of this work. Further, the exclusion of the content values 
for bananas and nuts from the present work should lead to more valid results, as they may 
have biased the results of former studies.  
Sensory evaluation 
A potential weakness is that tasting sessions did not take place at the same time of day, 
or at the same time of year for all subjects. However, no correlation was found between time 
of day or date and ratings on the hedonic scale. Further, no sensory laboratory was available 
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for the tasting sessions to ensure constant conditions. Nevertheless, using the same room, 
conditions and personnel for all subjects ensured a standardised procedure. 
Strengths of the sensory study include the wide age range of the participants, covering 
4-17-year-olds and, at the same time, ensuring a constant testing environment throughout. The 
same products were used during the whole study period, and their sensory stability was 
ensured by repeated descriptive tests conducted by a sensory panel at the Geisenheim 
Research Center. By conducting individual tasting sessions, distractions due to the presence 
of peers were avoided, and every child and adolescent could focus on taste and work at his 
own pace. Moreover, due to the constant presence of study personnel, help was provided 
whenever needed and misunderstandings or missing values in the test sheets were minimised. 
DONALD design 
Limitations of the DONALD design are the convenient sampling scheme and the 
demanding study protocol, which lead to a non-representative sample with participants having 
a higher socioeconomic status as compared to the general German population [137, 144]. 
However, dietary recommendations derived from DONALD analyses are nearly the same as 
those derived from the nation-wide representative survey “EsKiMo” [107, 145], and the 
anthocyanin-rich products were rated similarly by a sample of school children (n = 25) in a 
sensory laboratory at the Geisenheim Research Center [146]. 
A strength of the DONALD study is its longitudinal structure, which provides both 
existing dietary data, collected over more than 25 years, and ongoing data assessment at the 
FKE. Firstly, in this way the very first anthocyanin intake estimations in Europe over a wide 
age range from infancy to adolescence were possible - these are age groups in which dietary 
patterns might be established. Secondly, due to the repeated measurements, age and time 
trends could be identified and analysed for the first time in individual intake data that have 
been collected and assessed using the same methods over the 20 years. Thirdly, children and 
adolescents of a wide age range were available for tasting sessions all at the same location. In 
summary, a major strength of this thesis was the use of these existing data and structures, thus 
using existing resources in an efficient manner. Additionally, further research could take 
advantage of the DONALD design to follow up trends in anthocyanin intake and to study 
associations between food consumption habits and food preferences, using the anthocyanin 
intake data and results of the sensory evaluation study. 
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3.3 HANDLING AND CONSEQUENCES OF INVALID FOOD COMPOSITION DATA 
The USDA DB was the most comprehensive and most applied database on 
anthocyanin content of foods in recent years. Therefore, comparison with other intake 
estimations is facilitated at least on this point. However, as former intake estimations based on 
the USDA DB 2007 included the “false non-zero” values for bananas and nuts, falsely high 
intakes may have been estimated [147]. In the present intake estimation for German infants 
and toddlers, bananas would falsely be the predominant source of anthocyanins [105]. 
Likewise, bananas were presented to contribute 14-20% of anthocyanin intake across US 
cohorts [99, 147]. This indicates high banana consumption, and it is therefore particularly 
important to exclude the banana value for valid intake estimations. 
Even more important is the exclusion of false values in epidemiological studies. If the 
inclusion of such values adds only random error, there will be a bias towards the null [147]. 
However, if for example banana consumption is associated with actual anthocyanin intake, 
this will lead to under- or overestimation of the effect and mistaken conclusions may be 
drawn. 
In contrast to other pitfalls in the estimation of anthocyanin intake, which will hardly 
be avoidable, such as lack of information on consumed varieties or change of content during 
storage, identified systematical issues must be avoided. In this context it is regrettable that the 
updated version of the USDA DB, which was released in 2011, still contains anthocyanidin 
values for bananas and nuts [57]. Therefore, the responsibility of recognising and excluding 
invalid values unfortunately rests with the users of the database, which is problematic, since 
for example epidemiologists and nutritional scientists are unlikely to be experts in 
anthocyanin analyses. 
Unfortunately, in recent studies using the USDA DB it is not stated whether the false 
values were excluded or not, despite the publication of the two letters indicating them [105, 
106]. For example, in a study on diabetes [14] and in a study on stroke [103], reference is 
made to the flavonoid data used in the study on hypertension that gave occasion to the first 
letter [105], because bananas were found to be one of the main sources of anthocyanins [99]. 
However, in the two recent studies on diabetes and stroke respectively, bananas are not 
mentioned as a source of anthocyanins, but the exclusion of the value is not clearly stated 
either [14, 103]. Likewise, in a study on CVD mortality [104], it is not indicated whether the 
value for bananas was excluded or not. 
In contrast to the USDA DB, the values for bananas and nuts were not included in 
Phenol-Explorer, as the analytical method was not seen as appropriate. In Phenol-Explorer, it 
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is possible to request mean content values per category of analytical method, which may be 
useful in some cases. 
Better monitoring of databases and more rapid realisation of updates are required, 
including an explanation for the changes made. Users of the database must be able to rely on 
the tabulated values. Additionally, a database should meet the following requirements, 
summarised in the term “ACQUIRE”: accessible, comprehensive, queryable, user-friendly, 
interactive, referenced and expandable [55]. 
3.4 ANTHOCYANIN INTAKE ESTIMATIONS 
Anthocyanins were widely distributed in the diet of the study population, but intake 
distribution was found to be skewed to the right. This is characteristic for most dietary 
components [148] and in particular for components that are not uniformly distributed in 
foods, but rather are present in high amounts in a limited number of foods, which is true of 
anthocyanins [88]. Several other anthocyanin intake estimations present mean values much 
higher than median values and 10-36% “non-consumers” [88]. These “non-consumers” are, 
however, replaced by “low-consumers” in the DONALD sample, because the detailed dietary 
assessment made it possible to include anthocyanins on the ingredient level. 
Comparison between different published intake estimations is difficult for several 
reasons. Firstly, different dietary assessment methods are used. Food consumption per capita 
described on the basis of food balance sheets is likely to be overestimated as losses due to 
waste and processing are not considered [53]. For example, in the UK, a mean anthocyanidin 
intake of 69 mg/day was estimated using FAO Food Balance sheets [95], which is much 
higher than the mean intake estimated using 24HR in the British EPIC cohort (22-31 mg/day) 
[49]. In Finland too, an estimation based on the average berry consumption was higher 
(82 mg/day) [64] than estimations using a 48HR (47 mg/day) [85] or a 4-day food record 
(4DFR) (6 mg/day) [86]. 
On the individual dietary assessment level, food that is only eaten occasionally, such 
as blueberries, may be better represented by an FFQ than by methods covering a smaller time 
frame [88]. However, FFQ is a primarily qualitative measure of which foods are consumed 
and the accuracy of FFQ is lower than that of other methods [54]. In addition, many FFQ used 
in epidemiological studies are not validated or at least not validated for the measurement of 
anthocyanin intake [149]. In most cases, anthocyanin intake is estimated retrospectively in 
studies which have already been conducted or are still running (Table 1). 
Mullie et al. (2008) compared an FFQ designed to assess flavonoid intake (conducted 
twice) with a 4DFR [88]. While total flavonoid intake, measured with the two methods, did 
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not differ, a statistically significant difference in anthocyanin intake between FFQ and 4DFR 
was found. The two methods misclassified 29% of the 45 participants in a non-adjacent 
quartile. A weak correlation between the two FFQ and the 4DFR was found (Spearman’s rank 
correlation coefficients r = 0.33 and r = 0.34 respectively, and p = 0.02 for both) [88].  
Nevertheless, a vague classification of our results should be made. The very low 
estimated mean intake of 0.0-0.7 mg/day in 2-18-year-old Australians [75] might be due to 
the use of a 24HR on a relatively small number of subjects (n = 3007, 5 age groups, [150]). 
However, intake may also truly be low due to less anthocyanin-rich foods available, as is the 
case in Fiji [76]. This estimation would not be plausible for a young German population 
consuming a mixed diet. In DONALD, mean as well as median intake was higher than 3 
mg/day even as early as age 9 months [96, 101]. 
Compared to estimations in German adults, it can be stated that the estimation in the 
DONALD sample lies between an earlier estimation in a subcohort of the German National 
Nutrition Survey in the 1990s (mean: 7 mg/day) [63] and the recent estimation conducted in 
the EPIC study (mean: 30-41 mg/day) [49]. The earlier estimation had less anthocyanin data 
(for example, no data for strawberries), which might explain the lower value. The recent 
estimation might differ from the young DONALD sample on the grounds of wine 
consumption. 
Overall, most estimations in European adults are higher than in the USA, Oceania and 
Japan, which are in the range of or below estimations in DONALD (Table 1). This might 
indicate that the differences are due to the differences in food patterns across continents rather 
than to age. 
Density was estimated to be 7 mg/MJ in a Finnish study [85], 1.5 mg/1,000 kcal 
(= 0.36 mg/MJ) in a US [84] and 0.3 mg/MJ [63] in the formerly mentioned German study. 
DONALD values lie below the Finnish, but above the US and German values. This seems 
plausible considering the high berry consumption and high absolute anthocyanin intake in 
Finland on the one hand and the lower estimated mean intake in the USA as well as in the 
early German adult population on the other hand. Nevertheless, the question remains, whether 
the absolute anthocyanin intake in the young DONALD sample will remain stable into 
adulthood and will, along with increasing energy intake, lead to a lower density in adulthood. 
The decreasing trend in anthocyanidin density found in adolescence [101] seems to be 
indicative of this. In the Australian cross-sectional study, absolute anthocyanin intake was 
higher in adults than in children and adolescents due to wine consumption [75]. However, 
density values were not provided in this study. The decreasing trend over time in infancy in 
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DONALD is attributable to a longer duration of full breastfeeding in recent times. The 
increase in anthocyanidin density in children’s diets since 2001 may be due to the increase in 
fruit and vegetable consumption [110], perhaps attributable to the “5-a-day campaign” [151]. 
Main sources of anthocyanins in infants and toddlers were pomaceous fruit, but from 
the age of 18 months onwards, strawberries became the major source in all age groups. This 
may be due to the change from infant food, which is mainly based on apples and pears in baby 
jars and home-made porridges in Germany, to foods in the adult diet, such as jam and fruit 
yoghurts, which are rarely given to infants and, in Germany, often contain strawberries. 
However, anthocyanin sources on the level of foods could be further clarified in additional 
analyses. The identified main sources also indicate that frequency of consumption seems to be 
more relevant than level of anthocyanin content at the group level. 
To make intake estimations and epidemiological studies more valid and more 
comparable, the different existing databases providing anthocyanin content data for foods [57, 
58, 60] should be compared and their particular strengths and weaknesses must be studied. 
A better approach to estimating anthocyanin intake at the group level might be to use 
the original analytical data instead of the tabulated mean values for anthocyanin content in 
foods and thereby account for biological variances. These data on anthocyanin distribution in 
foods could be combined with the distribution of consumed amounts of foods by use of 
parametric or non-parametric simulation to estimate an anthocyanin intake distribution. 
Biomarkers, for example anthocyanins or metabolites in urine [152], might facilitate and 
improve intake estimations at the individual level. However, assessment of biomarkers 
reflecting short-term intake (e.g., 24h-urine collection) may not be easier or less expensive 
than dietary assessment in epidemiological studies. Further, biomarkers reflecting long-term 
intake are lacking [153]. 
3.5 ANTHOCYANIN-RICH FOOD PRODUCTS FOR CHILDREN 
Grape-bilberry juice received the highest mean rating score on the hedonic scale, and 
blendings of this juice with apple juice were equally preferred by the participants. Together 
with the high anthocyanin content, this makes grape-bilberry juice a promising product to 
promote for children. That grape-bilberry received higher ratings than apple-bilberry mixtures 
may be due to the higher sugar content, and the resulting sweeter taste of the former, in 
comparison to the more sour taste of the apple-bilberry products. At the Geisenheim Research 
Center, more than half of a sample of children and adolescents rated the apple-bilberry 
mixtures as “not sweet enough” [146]. Preference of juices over smoothies may be 
attributable to the unfamiliarity of smoothies (about two thirds of the participants indicated 
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that they do not know what smoothies are; unpublished data). Another explanation may be 
that smoothies were not denoted as such and the unexpected texture may have decreased 
liking. 
In 30% of the sample, preferences were reversed, with apple-bilberry being liked 
better than grape-bilberry and/or smoothies liked better than juices. This is in line with 
previous research revealing that a proportion of children prefer sour taste, which was related 
to the willingness to try unknown food [154] and to higher fruit consumption in boys [155]. 
Consumer tests involving children are routinely conducted in food product 
development, but hardly any results are published, because they are usually owned by the 
companies [131]. Therefore, comparison with other studies is limited here. In a sensory 
evaluation study with 123 adults, juices with different amount of açaí (anthocyanin-rich 
berries grown in Brazil) were scored on a 9-point hedonic scale [156]. Two commercial juices 
received the highest mean rating scores, which were in the range of the mean rating score for 
grape-bilberry juice in the DONALD sample (≈7). This indicates good preselection of fruit 
juice samples for this thesis and shows the potential for grape-bilberry juice to become a 
marketable product. In a consumer study with 153 children aged between 6 and 13, it was 
investigated whether liking of black currant juice is influenced by different packaging 
materials and storage temperatures [157]. Juices were liked equally from glass and plastic 
bottles, but products that were stored in the fridge (4°C) were preferred compared to those 
stored at 21°C due to better flavour, taste and aftertaste. These results suggest that storage in 
cooling shelves should be considered in food development and the marketing process of 
anthocyanin-rich juices. 
In developing an anthocyanin-rich product suitable for children, in the interest of 
public health, the following factors need to be considered: 1) from a nutritional point of view, 
the composition and amount of anthocyanin-rich products that can be recommended for 
children and adolescents (behavioural prevention) and 2) from an economic, social and 
political point of view, possible strategies to make a large part of the population benefit from 
such health-promoting products (environmental prevention). 
3.6 PREVENTION 
Behavioural prevention 
Behavioural prevention aims to avoid behaviour (including dietary habits) that is 
hazardous to health [158]. To develop positive behaviour, knowledge is required and this has 
to be provided by science in terms of dietary recommendations. It is difficult to translate 
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nutrient-based targets to the population, which is why food-based rather than nutrient-based 
dietary guidelines should be developed [159]. Within the scope of “5-a-day” and the 
additional existing recommendation to eat colourful [160], combined with the possibility of 
replacing one portion of fruit or vegetable by a juice [117], it may already be reasonable to 
recommend one purple fruit juice a day. This seems promising for the purpose of increasing 
fruit and vegetable as well as anthocyanin intake, because juice is popular among German 
children [114, 115] and they currently consume fruits that are mostly low in anthocyanins 
[107, 120]. 
Especially when giving food-based dietary recommendations and when a juice or 
smoothie should replace one portion of fresh fruit and the positive health effects expected 
from this, its composition needs to be considered. Regarding anthocyanin content, grape-
bilberry juice provides about 80 mg anthocyanins/100 mL [161], which is more than tenfold 
the estimated median daily intake in the DONALD sample [96, 101] and therefore has the 
potential to significantly increase intake. By contrast, commercial grape juices contain only 
about 2 mg anthocyanins/100 mL [146]. However, the efficacy of anthocyanins and questions 
concerning loss of anthocyanins during storage [46] as well as bioavailability influenced by 
food matrix [38] and individual gut microbiota composition [162] are yet to be clarified. 
Regarding sugar content, it is still a point of discussion whether consumption of sugar 
sweetened beverages and 100% fruit juices is associated with being overweight, as it was at 
least in subgroups in some studies [163, 164]. However, a review including 21 studies did not 
find evidence for such an association in children and adolescents [165]. By contrast, 100% 
fruit juice consumption was positively associated with diet quality in children and adolescents 
in the NHANES [166-169]. However, as fruit juice consumption may only be a marker for a 
healthy lifestyle, and as no causal inference is possible on the basis of a cross-sectional study, 
this association should be interpreted cautiously. Nevertheless, it can be stated that fruit 
juices, in moderate amounts, can be part of a healthy diet. 
The sugar content of 100 g of fresh fruit is similar to the sugar content of 100 mL of 
juice from the same fruit [170]. Given that the amount of juice or smoothie recommended per 
day should not provide more sugar than a portion of fresh fruit, a portion of juice could range 
from 50 mL for one-year-olds (= one fifth of the recommended amount for fruit and 
vegetables [171]) up to 140 mL for 17-year-old boys. In the consensus statement of the 
American Heart Association, the amounts of sweet beverages allowed for children and 
adolescents are more liberal than this calculation (max. 6 oz/day (equivalent to 177 mL/day) 
for children aged 1-6 years and max. 12 oz (355 mL) for children aged 7-18 years) [172]. 
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As apple products may reach special target groups and smoothies contain more fibre 
than juices [173], and a larger amount of polyphenols reaches the colon after smoothie than 
after juice consumption [174], apple-bilberry mixtures and smoothies should also be further 
studied as potential health-promoting products. Smoothies might be better liked in the future 
due to increasing popularity or given a different kind of presentation, such as in bottles typical 
of smoothies. 
Environmental prevention 
Environmental prevention deals with technical, organisational and social 
characteristics of the environment and the role they play in development of diseases [158]. 
Determinants of food intake are motivation, ability and opportunity, the latter being 
determined by the social as well as the physical environment [175]. One part of the 
environment is provided by the parents [175]. Parent-reported accessibility of fruits, 
vegetables and 100% fruit juices was related to the child’s consumption of these foods [176] 
and familiarity is known to increase liking of new foods [156]. Therefore, availability and 
accessibility of anthocyanin-rich fruits at home may be one way to increase children’s liking 
and intake. In cooperation with companies, using their experiences in marketing, it would be 
possible to promote a new health-promoting product and to influence consumer decision-
making in a positive way. But such a strategy may only reach families of a higher social class, 
since, in general, socio-economic status of a family is positively associated with fruit and 
vegetable intake [177] and public health relevance would be small. Another part of the 
environment is determined by school, which provides accessibility and availability of foods 
[175]. In a similar way to projects providing milk or the school fruit scheme [178], schools 
may be an optimal setting for providing health-promoting food products. This could be 
especially effective in combination with behavioural prevention [179], such as lessons on 
health-promoting diets or secondary plant metabolites, as it was in a study on the promotion 
of drinking water [180]. 
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3.7 CONCLUSION 
In this thesis, detailed food consumption data from a German open cohort study were 
used to estimate, for the very first time in Europe, anthocyanin intake of 0-18-year-olds. 
Further, the longitudinal data were used to identify changes of intake with age and time. To 
improve accuracy of the estimations, the false non-zero values for bananas and nuts provided 
by the applied USDA Database for the Flavonoid Content of Selected Foods have been 
excluded. However, inherent difficulties in estimating intake of secondary plant metabolites 
always need to be considered. 
The results of this thesis indicate that anthocyanins are widely present in the diet of 
German children, and that their density in the diet decreases with age and is lower in the diets 
of boys as compared to girls. This reveals scope for increase in anthocyanins in the diets of 
young age groups. In the sensory evaluation study, anthocyanin-rich grape-bilberry juice was 
found to be well-liked by children and adolescents of a wide age range. This suggests that it 
may be a suitable product for increasing young age groups’ fruit intake in general and 
anthocyanin intake in particular by means of both behavioural and environmental prevention. 
However, to deduce and implement evidence-based dietary recommendations in the future, 
research on the efficacy of anthocyanins is fundamental. 
3.8 FUTURE PROSPECTS 
Additional research on anthocyanin intake of young age groups in other countries 
would be interesting in the context of health-promotion. Intake estimations could be further 
improved by dietary assessment instruments that are validated for anthocyanin intake on the 
one hand and the expansion of food composition databases and their steady evaluation by 
users on the other hand. Development of yield and retention factors is in progress [47] and 
may improve accuracy of composition data, even though change of polyphenol content during 
storage and food production is supposed to often be negligible compared to biological 
differences between plant varieties [46]. As an alternative to intake estimations based on food 
consumption and food composition data, the development of biomarkers [152, 153, 181] may 
be a further step in increasing the accuracy of secondary plant metabolite intake assessments. 
If health-promoting effects of anthocyanins are confirmed, anthocyanin-rich products 
will be developed to include more anthocyanins in the average diet. In addition to anthocyanin 
content, stability, bioavailability, and sugar content also need to be considered. The 
preferences of children and adolescents should be taken into account as they are an important 
age group in the context of health-promotion. 
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